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Abstract It is widely accepted that regular physical

exercise helps diabetic patients control blood glucose,

reduce cardiovascular risk factors, and prevent other

related complications. In spite of the undoubted

benefits of regular physical exercise, diabetic patients

with chronic complications should be aware of poten-

tial hazards of practicing exercise. To avoid some

harmful consequences of acute exercise, it is necessary

to adopt a vigilant attitude with these risk patients and

to carefully adjust type and intensity of exercise to the

individual situation. This article intends to summarize

and analyze the current literature concerning the

preventive and therapeutic effects of regular exercise

in diabetic patients, pointing out its physiological in-

fluence on blood glucose regulation, and to analyze the

potential risks of acute physical exercise and the pre-

cautions given to patients with a variety of complications.
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Introduction

Diabetes mellitus (DM) constitutes one of the most

widespread health problems in the world, as it is

estimated that its prevalence of 171 million observed

in 2000 will increase to 366 million in the year 2030

[50]. The interactions of environmental and behavioral

factors, such as physical inactivity, obesity, and stress,

with genetic factors seem to be the main reason for the

epidemic character of DM [17, 32]. These factors are

responsible for the alteration in glucose homeostasis

by impaired glucose tolerance, which can result from

pancreatic b cell dysfunction and/or from the increase

of insulin resistance in target tissues [17, 32]. Eighty-

five to 95% of all DM cases are characterized by

glucose intolerance induced by insulin resistance [5, 17,

33]. Independent of its origin, the resultant chronic

hyperglycemia may negatively influence the structure

and function of many organs, particularly the cardio-

vascular, nervous, and renal systems [33]. Heart

disease is the prevailing cause of diabetes-related

deaths, and it could be expected that approximately

50% of all diabetic patients evidencing signs of

nervous system impairment are affected by cardiac

autonomic neuropathy [3, 6, 17, 34].

Exercise is one of the main therapeutic measures to

deal with high blood glucose levels in diabetic patients

[8, 15, 25, 28]. It is believed to control hyperglycemia

through the improvement of peripheral insulin sensi-

tivity particularly in skeletal muscle [22, 38]. In

addition, many studies have also described exercise as

a countermeasure against many abnormalities ob-

served in diabetic patients, such as hyperlipidemia,

hypertension, and a tendency for hypercoagulation [7,

10, 47], which are considered to increase the risk of
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macro- and microvascular complications [21, 46].

These and many other chronic complications of

diabetes mellitus seem to be attenuated by the regular

practice of physical exercise.

Etiological classification and diagnostic criteria of DM

DM is the general designation for a collection of

endocrine disorders with different kinds of pathogen-

esis. The American Diabetes Association and the

World Health Organization (WHO) identified new

classification criteria of diabetes mellitus in 1997. This

classification includes four clinical categories named

Btype I DM,^ Btype II DM,^ Bother specific types of

DM,^ and Bgestational DM^ [30].

Type I diabetes mellitus (also known as insulin-

dependent diabetes mellitus or juvenile diabetes)

mainly results from the destruction of beta cells in

the pancreatic Langerhans_ islets, leading to an insulin

deficiency; the onset of this type is usually at younger

ages and normally requires insulin supplementation

[30, 32]. Type II diabetes mellitus (also known as non-

insulin-dependent diabetes mellitus) could be the

result of inadequate insulin secretion, insulin resis-

tance in peripheral tissues, or excessive hepatic glucose

production [16, 30, 32], which impair glucose tolerance

(hyperglycemia); this variant usually occurs in individ-

uals aged more than 40 years with a family history of

DM, and apart from the genetic predisposition, the

occurrence of this type of disease is correlated with

physical inactivity and being overweight [5, 16, 17, 32].

The category Bother specific types of DM^ consists of

all particular cases of disease where genetic defects are

responsible for beta cell dysfunction (maturity onset

diabetes in youth) or for insulin resistance in target

tissues, and of all DM situations resulting from

endocrinological pathologies or pancreatic dysfunction

induced by drugs/toxics or infections [5]. Gestational

diabetes mellitus occurs during pregnancy and is the

result of a relative insulin deficiency at the last stage of

pregnancy [5].

Patients with type I DM exhibit normal symptoms

and represent about 5 to 10% of all cases of DM; on

the other hand, type II DM constitutes the most

prevalent category of the disease (90%–95%) and

often remains undiagnosed until complications become

symptomatic [5]. Thus, particularly in patients with

type II DM, early detection of the disease allows them

to make lifestyle changes and initiate medical therapy,

which can reduce the appearance of complications.

Considering the higher and constantly increasing

prevalence of type II DM and the great potential of

nonpharmacological measures associated with small

modifications in lifestyle for primary and secondary

disease prevention, the medical community has

granted much attention to this type of DM and has

defined a set of rules for early diagnosis of the disease.

Tests to detect the occurrence of type II DM should

always be considered in subjects who have one or more

of the risk factors for the development of the disease,

as shown in Table 1 [8].

Table 1 Criteria to check for the existence of type II DM in
adults (adapted from the American Diabetes Association [8])

1. Subjects aged more than 45 years

(When normal, the checkup should be repeated every 1–3 years)

2. Occurrence of symptoms like polyuria, polydipsia, and

unexplained weight loss

3. Asymptomatic subjects carrying at least one of the following

risk factors:

3.1. Have a first-degree parent with diabetes

3.2. Overweight or with a BMI >25 kg/m2

3.3. History of impaired glucose tolerance or impaired fasting

glucose in a previous test

3.4. Hypertension (>140/90 mmHg)

3.5. A plasma high density lipoprotein cholesterol level <35 mg/

dl and/or a plasmatic triglyceride level >250 mg/dl

3.6. History of gestational DM or of a newborn child weighing

more than 4.08 kg

3.7. Sedentary lifestyle

3.8. Other clinical conditions associated with insulin resistance,

such as polycystic ovary syndrome and acanthosis nigricans

Table 2 The WHO criteria for DM diagnosis (adapted from Mayfield [30])

Fasting plasma glucose Plasma glucose 2 h after beginning OGTT Casual plasma glucose

mg/dl mmol/l mg/dl mmol/l mg/dl mmol/l

Normal <110 <6.1 <140 <7.75

IFG Q110<126 Q6.1<7.0

IGT Q140<200 Q7.75<11.1

DM Q126 Q7 Q200 Q11.1 >200 >11.1

IFG Impaired fasting glucose, IGT impaired glucose tolerance, DM diabetes mellitus, OGTT oral glucose tolerance test
Causal plasma glucose is defined as the glucose levels measured anytime of the day, regardless of the time passed after the last meal
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According to the WHO recommendations (see

Table 2), a positive outcome in two of the following

tests to be carried out on different days, constitutes the

criteria for diabetes mellitus diagnosis (Fig. 1) [30]: (1)

the existence of suspected symptoms of DM and the

occurrence of plasma glucose levels higher than 200

mg/dl (or 11.1 mmol/l), measured any time of the day

regardless of the time that passed after the last meal;

(2) the occurrence of a fasting plasma glucose level

higher than 126 mg/dl (or 7.0 mmol/l); and (3) a plasma

glucose level higher than 200 mg/dl (or 11.1 mmol/l) 2

h after beginning an oral glucose tolerance test

(OGTT). OGTT is recommended when fasting plasma

glucose levels are between 5.5 and 7.7 mmol/l.

The condition of impaired glucose tolerance (IGT)

is defined when fasting plasma glucose levels are

higher than normal levels but too low to reach the

criteria for DM diagnosis.

Management of type II DM patients

The goal of DM treatment is directed toward glycemic

control, the correction of all metabolic and functional

abnormalities such as dyslipidemia, hypertension, and

obesity, and the control of morbidity and mortality

related with the disease [8]. Apart from medication,

the standard therapeutic procedures for the treatment

of type II DM include correct dietary control and

regular exercise [8, 9, 25, 35]. According to these

authors, the management of each patient should be

individualized and adjusted to age, medical history,

earlier physical activity, eating habits, and sociocultur-

al factors. Especially before starting an exercise

program, a medical examination is necessary to detect

other diseases or diabetic complications that might

represent contraindications.

Glycemic control

Glycemic control is a main objective in DM patients.

Several studies have shown that improved glycemic

control is associated with decreased rates of chronic

complications, such as retinopathy, nephropathy, neu-

ropathy, and cardiovascular diseases [19, 41, 43, 44].

Capillary blood glucose monitored by the patient

himself represents a useful procedure to control

glycemia and to adjust medications or physical activ-

ity/exercise prescriptions. Usually, capillary blood

glucose monitored once a day is important for the

patient to check to prevent asymptomatic hypoglyce-

mia. Glycated hemoglobin (HbA1c) is required to

estimate the mean glycemia over the preceding 2–3

months and must be measured at least twice a year to

determine whether metabolic control is maintained

within a normal range [39]. Thus, HbA1c is useful in

assessing treatment efficiency and in comparing the

result of the patient_s self-reported testing (Table 3).

Fasting plasma glucose OGTT Casual plasma glucose

< 110 mg/dl 
(<6.1 mmol/l) 

110-125 mg/dl 
(6.1-7.0 mmol/l) 

≥ 126 mg/dl 
(≥ 7.0 mmol/l) 

140-200 
mg/dl

≥ 200 
mg/dl

Normal

Impaired
glucose

tolerance

- Diabetic medications 
- Diet control 
- Exercise 
- Monitor FBG & HbA1c  

DM

- Diet control 
- Exercise 
- repeat FBG in 6 month Annual 

FBG  
evaluation 

Fig. 1 Guidelines for diagnosis and blood glucose control in type II diabetes mellitus (adapted from Mayfield [30])

Table 3 Parameters used for a glycemic control in type II DM
patients (adapted from the American Diabetes Association [8])

Blood samples Glucose plasma

concentrations

Hemoglobin A1c

plasma levels

Fasting

condition

90–130 mg/dl <7.0%

(5.0–7.2 mmol/l)

Postprandial

peak level

<180 mg/dl

(<10.0 mmol/l)
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Health education

Bodyweight less than 120% of the ideal bodyweight

for normal people is recommended for DM and the

main goals of medical nutrition therapy for this disease

are the following [8]: (1) to attain and maintain

metabolic control, stabilizing blood glucose level in

the normal or nearly normal range; (2) to prevent or

reduce complications of diabetes related to the lipid

and lipoprotein profile, which reduces the risk for

macrovascular disease; (3) to prevent and treat chronic

complications of diabetes; and (4) to improve health

through appropriate choice of food, taking into

account personal and cultural preferences.

Diabetic patients should consume between 2,000

and 2,500 calories/day to maintain ideal bodyweight

[28]. Carbohydrates and monosaturated fat should

provide approximately 60–70% of energy intake.

Carbohydrates from whole grains, fruits, vegetables,

and low-fat milk should be included in the diet. Some

carbohydrates such as candy and cookies should be

avoided because they induce a rapid rise in blood

glucose. The average amount of carbohydrates recom-

mended for patients with DM is 40 to 60% of dietary

intake [1, 17]. However, several studies suggest that

the replacement of monosaturated fat by carbohy-

drates can reduce postprandial glycemia and triglycer-

idemia in type II DM patients [20]. Starch with fiber

may slow down glucose absorption. Nonnutritive

sweeteners (low caloric sugar) are safe for diabetic

patients when consumed within the acceptable daily

intake level established by the US Food and Drug

Administration [18]. The maximum acceptable daily

intake of aspartame, acesulfame K, and sucralose are,

50 mg/kg, 15 mg/kg, and 5 mg/kg, respectively [18].

The protein intake of diabetic patients should sustain

15–20% of the total daily energy spent, and at the

moment, there is no evidence suggesting that protein

intake should be modified in patients with normal

renal function. It is assumed that 10% of energy intake

should be derived from fats and cholesterol intake,

constituting approximately 300 mg/day [4].

Physical exercise in diabetic patients

Important sources of energy for living organisms are

carbohydrates and especially glucose, and low blood

glucose can cause loss of consciousness, seizures, and

death. On the other hand, chronically elevated con-

centrations in blood glucose can result in blindness,

renal failure, cardiac and peripheral vascular diseases,

and neuropathy [17]. Therefore, blood glucose con-

centrations should be maintained within narrow limits

to prevent complications. During fasting, the physio-

logical blood concentrations of glucose are maintained

by the liver. In the postprandial state, the rise in blood

glucose concentration stimulates insulin secretion,

which reduces hepatic glucose production and

increases membrane glucose transporters (GLUT) in

peripheral tissues, thus reducing blood glucose [11, 13,

24, 26].

During exercise, and compared to the basal status,

recruited skeletal muscles require four- to fivefold

more energy for contraction, using blood glucose,

muscle glycogen, and fatty acids derived from adipose

tissue as metabolic fuel [37]. Muscle glycogen serves as

the main fuel source during strenuous and short-term

exercise in healthy subjects. When the duration of

exercise is prolonged, muscle energy is predominantly

derived from blood-born glucose and from fatty acids

produced in the adipose tissue [37, 49, 52]. Enhanced

plasma levels of adrenalin, glucagon, cortisol, and

growth hormone promote both an increased glucose

production and a mobilization of fatty acid from

adipose tissue [37, 49, 52]. In addition, gluconeogenesis

maintains glucose homeostasis by synthesizing glucose

from substrates like pyruvate. These changes may

increase fuel supply to the skeletal muscle contraction

during exercise and prevent hypoglycemia as a result

of excessive utilization of glucose by the contracting

muscles.

Physical exercise is a recommended treatment for

patients with type II DM because it enhances the

GLUT4 expression in trained skeletal muscle with a

consequent increase in the glucose transport capacity

[48]. This mechanism may explain the enhanced

sensitivity to insulin observed in physically active DM

patients [11, 13, 16, 22, 24, 26]. Increased mass in

skeletal muscle, enhanced blood flow in muscle,

greater density of insulin receptors, enhanced disposal

of glucose in skeletal muscle, and a reduction in body

fat could also contribute to this insulin sensitivity and

improved glucose tolerance induced by physical train-

ing in DM patients [25, 49].

As mentioned above, the aim of exercise in type II

diabetic patients is to induce acute and chronic

physiological changes, which improve insulin sensitiv-

ity and glucose tolerance [11, 13, 22, 23, 24, 26]. To

maintain glucose homeostasis, glucagon and adrenalin

are released during acute exercise, which increases

hepatic glucose production; simultaneously, the insulin

secretion by pancreatic b cells is reduced [37, 40, 52].

Thus, an increase in glucose utilization during acute

exercise is accompanied by an increase in hepatic

glucose production, an improved insulin sensitivity

Eur Rev Aging Phys Act (2006) 3:10–19 13



enhancing the binding of insulin to sarcolemmal

receptors, and an increased GLUT4 expression [15].

From a chronic perspective, the improvement in

insulin sensitivity is positively correlated with the

intensity of aerobic endurance training, which is in

accordance with the fact that insulin resistance in type

II diabetic patients is associated with diminished

physical fitness [15]. Regular exercise, combined with

dietary control training, leads to changes in body

composition, namely, a reduction in body fat and an

increase in muscle mass [9, 15]. This association of

dietary control with physical training seems to improve

the glycemic control better than exercise alone [9, 15],

and this assumption offers an explanation to why

obese subjects with type II DM, when compared to

non-obese patients, show no beneficial effects in

insulin sensitivity from training alone [36].

When patients with type II DM participate in

physical training programs, metabolic control is im-

proved, as evidenced for example by a decrease in

serum triglyceride (TG) and very low density lipopro-

tein (VLDL) cholesterol and an increase in high density

lipoprotein cholesterol at rest [2]. However, some

studies have found that middle-aged subjects (age 40–

54 years) who exercise regularly have a better response

in metabolic control when compared to older subjects

(age 57–61 years), perhaps due to different pretraining

levels of metabolic control or to differences in the

intensity of the training program or magnitude of

chronic complications with advanced age [48].

Precautions before starting a training program

Before starting an exercise program, patients should

submit to a medical examination. Because these

patients have an increased risk of coronary artery

disease and silent cardiac ischemia, the examination

should screen the presence of macro- and microvascu-

lar complications that may be worsened during acute

exercise [2, 17, 19, 34, 40, 48]. In general, physical

exercise could be safely performed by patients with

good glycemic control and without any manifested

chronic complications [8]. However, before starting

any training program, a laboratory-graded exercise test

is recommended for all diabetic patients over 35 years

[7, 8] and must be performed in high-risk cardiovascu-

lar patients based on one of the following criteria [5,

7]: (1) age Q35 years or age Q25 years with a history of

type II DM diagnosed more than 10 years earlier, (2)

presence of any additional risk factors for coronary

artery disease, (3) presence of microvascular diseases

(retinopathy, nephropathy, microalbuminuria), periph-

eral vascular disease, or autonomic neuropathy.

Moreover, this test is used to define exercise

intensity, duration, and frequency as well as other

modalities of the training program.

The monitoring of blood glucose concentration

before, during, and after any acute exercise is consid-

ered a necessary procedure to prevent unpleasant

situations (Table 4). Blood glucose ranging from 150–

249 mg/dl is considered a safe amount for practicing

exercise [7, 28]. If these levels exceed 250 mg/dl,

exercise is contraindicated. Immediately after exercise,

patients should monitor blood glucose to prevent low

concentrations (lower than 70 mg/dl). In fact, one of

the most common causes of low blood glucose is the

exaggerated practice of physical activity. To prevent

low blood glucose or even hypoglycemia, diabetic

patients should avoid hot environments, like saunas

or steam rooms immediately after exercise, as these

favor the maintenance of an increased metabolic rate

and may be responsible for lower blood glucose.

Patients should also avoid the consumption of alcohol

before or immediately after exercise, as well as

exercising at the peak of insulin action [12]. Although

exercise-induced hypoglycemia is a less common

problem in type II DM than in type I DM, the risk is

increased in patients who are using insulin [15].

Changes in dosage or in the timing of insulin admin-

istration, as well as modifications, in meal habits are

usually efficient procedures to correct the problem.

A standard recommendation of the American

Diabetes Association and the American College of

Sports Medicine for diabetic patients includes a warm

up and a cool down period that should consist of 5–10

min of aerobic activity at low intensity, as well as a

stretching period [7]. The aim of the warm up session

is to prepare skeletal muscle and the cardiovascular

and respiratory systems for a progressive increase in

exercise intensity, and the cool down period allows a

gradual adjustment to baseline of heart rate and blood

pressure [7]. Stretching should be performed for 5–10

Table 4 Summary of preexercise blood glucose values (adapted
from Leutholtz and Ripoll [28])

Blood glucose

levels (mg/dl)

Recommendations

>300 Do not exercise on that day

250–299 Exercise must be done with caution; if

blood glucose rises after 10 min of

exercise, exercise must be stopped.

150–249 Safe levels for exercise

100–149 Be alert for signs and symptoms of

hypoglycemia.

<100 No exercise

14 Eur Rev Aging Phys Act (2006) 3:10–19



min, especially in muscles used during the training

session. It is important for DM patients to prevent foot

blisters by use of adequate socks and appropriate

shoes; any potential damage to their feet must be

monitored before and after any exercise session.

Because dehydration can affect blood glucose levels

and cardiovascular function, it is recommended to

ingest 500 ml of fluid until 2 h before starting the

exercise. During exercise, the fluid ingestion should

compensate all losses taking place by sweat and

ventilation, to avoid a loss of bodyweight at the end

of acute exercise [7].

Exercise recommendation for type II diabetic patients

Exercise programs for diabetic patients should consist

of aerobic endurance exercise, which enhances cardio-

respiratory fitness, muscular strength, and endurance,

and modifies body composition. However, in patients

with type II DM, this type of training together with

resistance training, as opposed to aerobic training

alone, seems to induce better positive adaptations of

glucose control, insulin function, muscular strength,

and exercise tolerance [29, 42]. Nevertheless, resis-

tance exercise or exercise performed at high intensities

should only be carried out by individuals without any

DM-associated chronic complications, such as prolif-

erative retinopathy or hypertension [2, 7, 14, 40].

Table 5 describes the exercise components recom-

mended for type II DM patients. To achieve cardiore-

spiratory and metabolic improvements, the exercise

intensity must be individually adjusted from low to

moderate, in correspondence to 40–70% of maximum

oxygen consumption [17, 34, 43]. The use of heart rate

for monitoring exercise intensity may not be suitable in

patients with type II DM because they may develop

autonomic neuropathy, which affects the heart rate

response to exercise [2, 14, 40]. Intensity should rather

be estimated using ratings of perceived exertion

(RPE), with recommended RPE of 10–16 (very light

to hard). The duration of exercise is directly related to

the caloric expenditure required and is inversely

related to the intensity. At least 30 min of continuous

and moderate exercise should be performed in each

training session. If weight loss is the main target of

exercise, its intensity needs to be set from low to

moderate (50% VO2 max), and the duration needs to

be increased up to 60 min.

To improve cardiovascular performance, the recom-

mended frequency of exercise is between three and

five sessions per week. Moreover, obese diabetic

patients may need to participate in daily physical

activity to maximize caloric expenditure for effective

weight management. Normally, patients with type II

DM are elderly, showing a decline in muscle mass

associated with a reduction in metabolic function.

Resistance training programs increase muscle strength

and muscle mass. Patients, however, with blood

glucose higher than 300 mg/dl, congestive heart failure,

uncontrolled arrhythmias, severe valvular malfunction,

or an aerobic capacity lower than five MET, are not

allowed to perform this type of training [14, 15, 34, 40,

52].

Resistance training should be performed at low

intensity [40–50% of 1 repetition maximum (RM)],

with 10–15 repetitions for each muscle group and a 3:1

ratio of endurance/resistance sessions [15, 28]. Low

intensity is suggested to avoid exaggerated blood

pressure. In the same way, regular breathing during

exertion can also prevent a severe rise in cardiac

afterload. The type of weightlifting equipment that

could be used depends on the patients_ preferences

and abilities [28].

There are several safe forms of exercise such as

walking, jogging, bicycling, and swimming, which allow

patients to maximize their caloric expenditure and to

improve physical fitness enjoyably and effectively.

Long-term exercise programs are usually accompanied

by a dropout rate of 90% of the initial participants

after 1 year[15], while in short-term exercise programs,

dropout rates range from 35–80% during the first 3–6

Table 5 Exercise characteristics recommended for type II DM patients (based on data from the American Diabetes Association [7],
Eriksson [15], Leutholtz and Ripoll [28], and Peirce [34])

Type Duration Frequency Intensity

Aerobic exercise such as walking,

running, bicycling, swimming

At least 30 min/session

or 150 min/week

3–5 days a

week

40–60% VO2 max or RPE 10–16 or 50–

70% of maximum heart rate

90 min/week >60% VO2 max or >70% of maximum

heart rate

Resistance 10–15 repetitions 2 days a week 40–50% of 1 RM

Warm up/cool down 5–10 min Before and

after exercise

Low intensity

Eur Rev Aging Phys Act (2006) 3:10–19 15



months [27]. Many reasons could contribute to refrain-

ing from maintenance of exercise, including lack of

time, travel problems, expenses, and injury, but waning

motivation seems to be the main cause [31]. Setting of

personal goals for individuals is necessary, both for the

DM patients and staff involved in the program,

because both are equally important in providing

encouragement to continue exercising. Even though

participation in regular exercise programs may be low,

a good strategy to maintain patients_ involvement in

such programs can be enhanced by routine activities of

daily living. Lifestyle modifications such as stair

climbing instead of using an elevator, household tasks,

and gardening can provide appropriate physical activ-

ity with increased calorie burning [15].

Exercise recommendations to patients with DM

complications

Type II DM is closely associated with obesity, dyslipi-

demia, and hypertension, which are important risk

factors for micro- and macrovascular diseases.

Concerning the prevalence of complications, at least

72% of patients have at least one complication; 19%

only have a microvascular complication, such as

neuropathy (28%), renal damage (20%), or retinopa-

thy (20%), and 10% of the patients have only a

macrovascular complication, which could be peripher-

al vascular disease (18%), angina (17%), heart failure

(12%), and myocardial infarction (9%) [33] (see Table

6). In people with DM, the persistently prolonged high

blood-glucose concentration may cause peripheral

neuropathy, which affects the limb nerves, which

supply the muscles, vessels, and skin of the feet, legs,

hands, and arms. The related symptoms may include

numbness or loss of sensation, tingling, coldness,

burning pain, hypersensitivity to touch, and problems

in balance or coordination. One might therefore

consider non-weight-bearing exercise in these cases.

Because repetitive exercise on hyposensitive feet can

lead to or aggravate an existent foot ulcer, the practice

of weight-bearing exercise should be restricted. The

use of well-fitted shoes and a daily foot examination

are also important measures for preventing this kind of

injury [7, 34, 40]. The occurrence of autonomic

neuropathy usually affects several organs and func-

tional systems like cardiovascular, digestion, tempera-

ture regulation, and sexual functions. The symptoms

depend on the nerve affected, e.g., incomplete bladder

emptying, stomach and bowel problems, orthostatic

hypotension, or sweating. The presence of an auto-

nomic neuropathy increases the risk of a cardiovascu-

lar crisis during exercise because patients with this

condition may experience a silent ischemia without

chest pain. An exercise program designed for type II

diabetes with autonomic neuropathy should avoid

exercise in hot and cold environments and should

require adequate fluid replacement, as this usually

influences thermoregulation [7, 34, 40]. In diabetic

nephropathy, exercise intensity should be relatively

low due to a potentially reduced overall exercise

capacity.

The prevalence of diabetes retinopathy appears to

vary with the age of onset and duration of the disease.

Retinopathy lesions could be divided into two large

categories: simple and proliferative. Part of the 10–

18% of patients with simple retinopathy will eventual-

ly progress to the proliferative form within a 10-year

period. About half of patients with proliferative

retinopathy will become blind within 5 years [8, 17].

Patients with active proliferative diabetes retinopathy,

Table 6 Major DM complications with clinical manifestations and exercise recommendations (adapted from the American Diabetes
Association [7], Sigal et al. [40], Vinik et al. [45], and Wilmore and Costil [51])

Clinical manifestations Exercise recommendation

Peripheral

neuropathy

Numbness, tingling, coldness, burning pain, hypersensitivity

to touch

Non-weight-bearing exercise such as

swimming, bicycling

Autonomic

neuropathy

Incomplete bladder emptying, stomach and bowel problems,

orthostatic hypotension, sweating

Exercise stress test is necessary before

starting an exercise program.

Diabetic

retinopathy

Scar tissue in the retina Contraindication in vigorous aerobic

and resistance exercise

Cardiovascular

disease

Occurrence of chest pain Exercise stress test

Hypertension Blood pressure higher than 140/90 mmHg Breathing technique during resistance

exercise should be trained

Dyslipidemia Increased plasma levels of VLDL and TG, decreased plasma

level of HDL

Low intensity and prolonged exercise

16 Eur Rev Aging Phys Act (2006) 3:10–19



who perform strenuous exercise, may provoke a

vitreous hemorrhage or a traction retinal detachment.

Therefore, such patients should avoid anaerobic exer-

cise and physical activity that involves straining or

Valsalva maneuvers, as in weightlifting. Exercise must

be low-impact such as swimming, walking, and station-

ary cycling [7].

Cardiovascular disease is a major cause of mortality

in persons with diabetes. Approximately, 85% of

mortality in patients with type II diabetes is due to

ischemic heart diseases. Silent heart attacks can occur

in patients with DM because an autonomic neuropathy

can mask the symptom of chest pain usually associated

with myocardial ischemia [8, 34]. Hypertension, dysli-

pidemia, smoking, a family history of coronary disease,

and the presence of micro- or macroalbuminuria also

constitute risk factors [7, 51]. Graded exercise testing

should be performed before the prescription of a

training program.

Blood pressure higher than 140/90 mmHg is a major

risk factor for the development of cardiovascular

diseases and microvascular complications that normal-

ly occur in over 60% of patients with type II diabetes.

Hypertension is likely to be present as part of the

metabolic syndrome. In general, physical exercise

associated with a diet aimed at reduced sodium intake,

reductions in bodyweight, avoidance of excessive

alcohol consumption, and increasing activity levels

have proven to be effective in reducing blood pressure

[7, 14, 51]. Activities involving breath holding, such as

heavy resistance training, should be avoided unless the

patients have acquired a proper breathing technique

during such an activity. When weightlifting, it is

important to exhale during the most strenuous part of

the exercise and to inhale during the least, so that

excessive changes in blood pressure are less likely to

occur.

The occurrence of dyslipidemia increases the risk

factor of macrovascular diseases. In type II diabetes,

dyslipidemia is characterized by enhanced plasma

levels of triglyceride and also by decreased levels of

high density lipoprotein (HDL). This profile is often

called Bdiabetic dyslipidemia^ [6]. Regular physical

exercise can reduce the risk of developing a macro-

vascular disease by the improvement of the plasma

lipid profile [10, 28]. In fact, regular exercise seems to

be effective in reducing the level of triglycerides and

VLDL, while increasing HDL. Within the lipid profile,

LDL should be less than 130 mg/dl, TG less than 200

mg/dl, and HDL more than 45 mg/dl [21]. The

favorable reduction of triglycerides and lipoprotein

cholesterol in patients with type II diabetes accom-

panies weight loss.

Low-intensity exercise, at least five times per week,

1 h per session, and performed continuously during 1

year, can reduce bodyweight. Weight loss also leads to

a decrease in insulin resistance [7, 51].

Platelet dysfunction associated with dyslipidemia

reveals a pattern of coagulation factors that increases

coagulation, while on the other hand, decreases

thrombolysis. In this case, platelet dysfunction could

favor atherosclerosis and vascular thrombosis. Impair-

ment in plasma fibrinolytic activity and tissue plasmin-

ogen activator activity, when plasminogen activator

inhibitor-1 activity is increased, induces both throm-

bosis and defective dissolution of a clot once formed.

Platelets in type II diabetes patients adhere to the

endothelium because of insufficient generation of

prostacyclin (PGI2) and nitric oxide (NO) by the

vascular endothelium. Consequently, vasoconstriction

and platelet aggregation could occur more rapidly than

in healthy people. Insulin, by sensitizing the platelet to

PGI2, is a natural antagonist of platelet hyperactivity,

and in addition, it enhances the endothelial generation

of PGI2 and NO. Thus, defects in insulin action in

diabetes create a disordered platelet activity. Aspirin

can block thromboxan synthesis by acetylation of the

platelet cyclooxygenase and may be used to prevent

cardiovascular disease in diabetic and nondiabetic

patients [3, 45].

Concluding remarks

Aerobic exercise and resistance exercise are recom-

mended for diabetic patients and must be individually

adjusted to the physiological and metabolic limitations

of each patient. Regular physical exercise and strength

training encourage positive adaptations in the control

of blood glucose concentration, insulin action, muscu-

lar strength, and exercise tolerance in patients with

type II diabetes. However, to produce beneficial

effects, exercise must be performed at a low intensity

and duration (40–60% VO2 max for at least 150 min/

week). Blood glucose should be monitored before and

after exercise to prevent hypoglycemia. Fluid replace-

ment is recommended before, during, and after

exercise. On the other hand, before starting an

exercise program, a medical examination is necessary

to identify diabetes-related complications affecting

cardiovascular function, which may be aggravated by

an exercise program. Nevertheless, lifestyle modifica-

tions including diet control coupled with physical

regular exercise are important for successfully achiev-

ing glycemic control.

Eur Rev Aging Phys Act (2006) 3:10–19 17
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Pérez A (2002) Diabetes mellitus and cardiovascular disease.
Eur J Intern Med 13:15–30

47. Walker K, Piers L, Putt R, Jones J, O_Dea K (1999) Effects
of regular walking on cardiovascular risk factors and body
composition in normoglycaemic women and women with
Type 2 diabetes. Diabetes Care 22:555–561

48. Wallberg-Henriksson H, Rincon J, Zierath JR (1998)
Exercise in the management of non-insulin-dependent
diabetes mellitus. Sports Med 25:25–35

49. Wasserman DH, Spalding JA, Lacy DB, Colburn CA,
Goldstein RE, Cherrington AD (1989) Glucagon is a primary
controller of hepatic glycogenolysis and gluconeogenesis
during muscular work. Am J Physiol 257:E108 (Abstract)

50. Wild S, Sicree R, Roglic G, King H, Green A (2004) Global
prevalence of diabetes; estimates for the years 2000 and
projections for 2030. Diabetes Care 27:1047–1053

51. Wilmore JH, Costill DL (2004) Cardiovascular disease and
physical activity. In: Wilmore JH (ed) Physiology of sports
and exercise, 3rd edn. Human Kinetics, Champaign, IL, pp
639–661

52. Young JC (1995) Exercise prescription for individuals with
metabolic disorders, Practical considerations. Sports Med
19:43–54

Eur Rev Aging Phys Act (2006) 3:10–19 19


	Regular physical exercise in patients with type II �diabetes mellitus
	Abstract
	Keywords
	Introduction
	Etiological classification and diagnostic criteria of DM
	Management of type II DM patients
	Glycemic control
	Health education

	Physical exercise in diabetic patients
	Precautions before starting a training program

	Exercise recommendation for type II diabetic patients
	Exercise recommendations to patients with DM complications
	Concluding remarks
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


